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Introduction 



r 

Significance for public healtli 

This manuscript describes the correlation between body mass index, waist 
circumference and body weight of two communities in Ota, Ogun State, 
Nigeria and the use of these anthropometric measures for body weight clas- 
sification in human populations of the selected communities. This was car- 
ried out to evaluate the health status of the indigenes of the two communi- 
ties for proper heahh awareness and public health intervention programmes. 

I 



Abstract 

Background. Anthropometric measures have been widely used for 
body weight classification in humans. Waist circumference has been 
advanced as a useful parameter for measuring adiposity. This study 
evaluated the correlation between body mass index (BMI) and waist 
circumference and examined their significance as indicators of health 
status in adults. 

Design and Methods. The subject included 489 healthy adults from 
Ota, Nigeria, aged between 20 and 75 years, grouped into early adult- 
hood (20-39 years), middle adulthood (40-59 years) and advanced 
adulthood (60 years and above). Weight, height and abdominal cir- 
cumference were measured. BMI was calculated as weight kg/height^ 
(m^) and World Health Organization cut-offs were used to categorize 
them into normal, underweight, overweight and obese. 

Results. Abnormal weight categories accounted for 60 % of the sub- 
jects (underweight 11 %, overweight 31%, and obese 18%). The waist 
circumference of overweight and obese categories were significantly 
(P<0.05) higher than the normal weight category. There was no signif- 
icant difference between waist circumference of underweight and nor- 
mal subjects. The correlation coefficient values of BMI with waist cir- 
cumference (r=0.63), body weight (r=0.76) and height (r=-0.31) were 
significant (P<0.01) for the total subjects. 

Conclusions. The study indicates that waist circumference can serve 
as a positive indicator of overweight and obesity in the selected com- 
munities; however, it may not be used to determine underweight in 
adults. Regular BMI and waist circumference screening is recom- 
mended as an easy and effective means of assessing body weight and 
in the prevention of weight related diseases in adults. 



Anthropometrics, the measurement of body parts, has been used at 
different age categories, as a sensitive indicator of wellness, matura- 
tion and development in humans. It is the single most universally 
applicable, inexpensive and non-invasive method available for the 
assessment of size, proportion and composition of human body.'-^ 
Height and weight are the two most easily obtained anthropometric 
measures and have been used extensively in screening and monitor- 
ing programs because abnormal weights categories (underweight, 
overweight and obesity) have been considered as risk factors for vari- 
ous diseases.^ 

Body mass index [BMI, weight kgAieight m-*] is presently the most 
often used and widely satisfactory methods of distribution of body 
weight and classification of medical risk.^ BMI is a useful determinant 
of adiposity in early and middle-aged adults.^ However, an important 
restriction of BMI is its inability to recognize between fat mass and fat- 
free mass, which is a good indicator of health status.^ In addition, the 
robustness of BMI as an indicator of fatness in advanced adulthood is 
limited.^ This is because the fat-free mass reduces with aging, without 
a change in overall weight.* In contrast, waist circumference repre- 
sents a measure of adiposity that takes into account the assemblage of 
abdominal fat.'' It is easy to measure and interpret. 

Obesity has been defined as an abnormal accumulation of fat in the 
adipose tissue throughout the body.^ It is the most common nutrition- 
al disorder in humans from wealthy societies. It is a medical condition 
in which excess fat has been accumulated to an extent that it may have 
an adverse effect on health.^ Overweight is defined as body weight that 
exceeds the acceptable weight for a particular person and it is based 
on the individual's age, height and/or frame size.'" Overweight is 
determined by BMI value of 25-29.9 ke/m^ while obesity is defined by 
BMI value of greater than or equal to 30 Kg/m^.^ Excess body weight 
categories have been associated with physical discomfort, psychologi- 
cal trauma and disposes the individual to a complex health condition 
termed metabolic syndrome characterized by diabetes, lipid disorders, 
sleep apnea, certain type of cancer, osteoarthritis and hypertension 
leading to accelerated aging and cardiovascular diseases." '^ Certain 
types of medications, lack of physical exercise, excessive intake of 
dietary calories, genetic susceptibility and endocrine disorders are 
some of the commonly causes of obesity.'^ Obesity has reached epi- 
demic levels not only in developed nations but also in developing 
nations." The marked increase in the prevalence of obesity has been 
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ascribed to an exposure to a toxic environment wtiich implicitly dis- 
courages physical activity and explicitly encourages excessive intake of 
dietary calories.'^ Genetic susceptibility, endocrine disorders and cer- 
tain types of medications are also causes of obesity. 

Underweight, on the other hand, is defined as lack of sufficient body 
weight; it is usually associated with deficient nutritional reserves in 
the body and high risk of mortality in times of ill-health.'' 

There is paucity of information on the anthropometric data for pre- 
dicting the health status of the middle aged and advanced aged adults 
especially from Africa.'* This study examined the trend in body mass 
index (BMl) of different adult age groups: 20 to 39 years (early adult- 
hood); 40 to 59 years (middle adulthood) and 60 years and above 
(advanced or late adulthood) and the association between BMl and 
waist circumference amongst the adults in Ota, Nigeria. 



Design and Methods 

The study was carried out between April to May, 2012 at lyesi and 
llogbo communities in Ota, Ado-Odo/Ota Local Government of Ogun 
State, Nigeria. Approvals were obtained from Covenant University 
Ethical Committee and the Local Government Authorities. A total of 489 
healthy subjects, aged between 20 and 75 years participated in the 
study. None of the female subjects was pregnant at the period of the 
study. The age, sex, height (m), weight (kg) and waist circumference 
(cm) of the subjects were recorded after obtaining their consent. 
Weight was measured to the nearest 0.01 kKg using Produex™ digital 
balance, Springfield, USA. Height was measured to the nearest 0.001 m 
using meter rule with the subject standing upright, barefooted, without 
a cap or headgear. Waist circumference was measured to the nearest 
0.5 cm, at the level of the umbilicus and the superior iliac crest using a 
normal tailoring tape. The measurement was made with the subject 
standing upright, feet together and arms hanging freely at the sides. 
BMl was calculated as weight (kg)/height2 (m^). Body weight cate- 
gories were defined according to WHO BMl cut-offs as follows: under- 
weight as 18.4 kg/m'^ or below; normal weight as 18.5-24.9 kg/m^; over- 
weight as 25.0-29.9 kg/m^, and obese as BMl of 30.0 kg/m^ or greater^ 

Statistical analysis 

All data were coded and entered into the SPSS (Statistics Package 
for Social Science) version 13.0. The categorical variables were pre- 
sented as averages and percentages. The differences in mean values of 
height, weight, BMl and waist circumference among different age cat- 
egories and between sexes were examined by ANOVA analysis. 
Statistical significance was set at 95% confidence interval. 



Results 

Out of a total of the 489 subjects, 301 were in early adulthood, 151 in 
middle adulthood and 37 in advanced adulthood categories. Figure 1 
shows the percentage distribution of the body weights of the subjects. 
Sixty percent (60%) were in the abnormal weight (underweight, over- 
weight and obesity) categories while 40% were in the normal weight 
category. Table 1 shows the anthropometric value for the subjects. In 
the three age groups, the mean BMl values were significantly (P<0.05) 
lower in underweight and significantly (P<0.05) higher in overweight 
and obesity weight categories compared to the normal weight. The 
mean BMl values were significantly (P<0.05) higher in obese male 
compared to obese female in early adulthood and significantly higher 
in obese female compared to obese male in middle adulthood (Table 2). 



In advanced adulthood, however, the mean BMl value of obese male 
was not significantly different from obese female. 

Table 2 compares the mean BMl and waist circumference values in 
early, middle and advanced adulthood categories of subjects. The mean 
waist circumference values in obese and overweight male and female 
were significantly higher than that of normal weight subjects in all the 
age categories. While unlike the BMl values, the mean waist circumfer- 
ence values of underweight male and female were not significantly dif- 
ferent from normal weight subjects (Table 2). 

Figure 2 displays the frequency in percentages of the BMl distribu- 
tions in the different age categories. The prevalence of normal weight 
subjects was observed in early and advanced adulthood while over- 




Figure 1. Percentage distributions of the Body weight categories 
of the study population based on BMl; abnormal weight, 60% 
(underweight, 11%; overweight, 31%; obesity, 18%), normal 
weight 40%. 
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Figure 2. Percentage distribution of body weight categories in 
early-, middle- and advanced - adulthood. Values are expressed as 
mean ± standard error of mean. UN = underweight, NW = nor- 
mal weight, OW = overweight, and OB = obese. 
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weight was prevalent in middle adulthood. Figure 3 displays the waist 
circumference measurement in different BMl distribution categories. 
There was no significant difference between the waist circumference 
measurement in underweight and normal weight BMl categories. 
However, there was significant (P<0.05) increases in the waist circum- 
ference of overweight and obesity BMl categories compared to normal 
weight BMl category. In addition, the waist circumference of over- 
weight male was significantly (P<0.05) higher than that of overweight 
female. 

Table 3 shows the correlation of BMl, waist circumference, body 
weight and height. There was significant (P<0.01) positive correlation 
values between BMl, waist circumference and body weight, and nega- 
tive correlation values between BMl and height in both male and 
female subjects (Table 3). The correlation of BMl with waist circumfer- 
ence (r=0.75) and body weight (r=0.85) is more positive and stronger 
in female than in male (r= +0.55 and -1-0.77 respective) subjects. In 
addition, for both sex category, the correlation of BMl with body weight 
(r=0.76) is more than the correlation of BMl with waist circumference 
(r=0.63). 



Discussion 

This study evaluates the correlation between BMl and waist circum- 
ference amongst adult populations in two rural communities in Ota, 
Nigeria. The study shows the prevalence of abnormal weight categories 
among the adults of different age categories and an association 
between body weights, BMl and waist circumference in the two com- 
munities. Although there are several reports on weight abnormality 
patterns among Nigerian adults," '* none, to the best of our knowledge, 
associated BMl and waist circumference in Nigerian adult populations. 



The findings in the study indicated that majority of subjects in the 
early adulthood (20-39 years) category have normal weight (Table 1 
and Figure 2). This is consistent with the reports of other researchers 
in Lebanon and Nigeria which indicated that most University students 
(early adults) have normal weight." '^ The prevalence of normal 
weight in this age category was more in female (50%) than the male 
(44.2%). This might be due to the consciousness of the female to the 
societal perception which encourages slender shaped females." The 
high prevalence of overweight in this age category (Table 1; Figure 2) 
has also been reported among young adults.^" '^'* The relative preva- 
lence of overweight and obesity in abnormal weight subjects might be 
due to unhealthy eating habits highly associated with this age group.^^ 
Overweight in young adults may have deleterious effects on their sub- 
sequent self-esteem, social and economic characteristics and physical 
health.^^ It is therefore necessary to monitor body weight regularly in 
order to reduce abnormal weight and its attendant related diseases. 

The information on the body composition and changes associated 
with advanced adulthood is imperative for proper evaluation of their 
functional health status. Overweight was prevalent in both the male 
(30.8%) and female (30.0%) subjects in the advanced adulthood cate- 
gory (Table 1). The observed prevalence of overweight subjects in this 
age group is corroborated by the report of Houston et al}^ who report- 
ed that the prevalence of overweight in older adults is as a result of 
mobility limitation associated with the age group. 

The highest prevalence of overweight was recorded at the middle 
adulthood; it was 41.3% and 38.4% respectively for the male and female 
subjects (Table 1). The high incidence of overweight in this age group 
has been attributed to bad eating habit (diet rich in lipids and carbohy- 
drates) and eating pattern (indulgence in late heavy night meal), sub- 
stitution of home prepared meal with fast and pre-prepared processed 
foods, lack of exercise and strenuous work habit or additional work 
hours.'^^ Regular physical activity good eating habits and high intake of 



Table 1. Anthropometric value for early-, middle- and advanced adulthood. 



Age group Body weight category 


Sex 


Mean height 


Mean weight 


Mean BMl 


BMl distribution 






(m) 


(kg) 


(kg/m2) 


within gender (%) 


Early adulthood (20-39 years) Underweight 


M 


1.64±0.09 


48.67±4.59 


18.03±0.28* 


10.8 




F 


1.65±0.02 


46.96±1.23 


17.15±0.25* 


7.9 


Normal weight 


M 


1.69±0.02 


65.58±1.55 


22.86±0.43 


44.2 




F 


1.62±0.01 


56.50±0.54 


21.48±0.14 


50.0 


Overweight 


M 


1.65±0.02 


73.25±2.08 


26.75±0.43* 


28.5 




F 


1.60±0.01 


68.07±0.77 


26.48±0.16* 


31.6 


Obese 


M 


1.50±0.13 


83.55±3.03 


39.63±0.85*» 


16.5 




F 


1.62±0.01 


89.70±1.78 


34.34±0.54*'' 


10.5 


Middle adulthood (40-59 years) Underweight 


M 


1.82±0.01 


50.32±2.47 


15.39±0.62* 


17.3 




F 


1.61±0.01 


40.00±0.41 


15.50±0.20* 


1.4 


Normal weight 


M 


1.75±0.02 


67.98±2.91 


21.93±0.37 


33.3 




F 


1.65±0.2 


59.92±1.48 


21.92±0.29 


30.1 


Overweight 


M 


1.73±0.01 


80.56±1.47 


26.99±0.26* 


41.3 




F 


1.58±0.02 


67.21±1.75 


26.94±0.32* 


38.4 


Obese 


M 


1.63±0.03 


84.18±2.99 


31.53±0.22*'' 


8.0 




F 


1.60±0.01 


87.67±1.94 


34.51±0.80*'' 


30.1 


Advanced adulthood (604- years) Underweight 


M 


1.79±0.05 


55.00±2.89 


16.60±0.38* 


7.7 




F 


1.41±0.04 


35.57±2.50 


17.58±0.46* 


10.0 


Normal weight 


M 


1.77±0.04 


68.58±6.23 


21.78±0.96 


38.5 




F 


1.72±0.04 


64.27±2.33 


21.79±0.29 


50.0 


Overweight 


M 


1.63±0.04 


72.28±5.01 


27.03±0.84* 


30.8 




F 


1.59±0.03 


65.52±2.00 


25.83±0.27* 


30.0 


Obese 


M 


1.71±0.01 


94.03±2.02 


32.34±0.63* 


21.3 




F 


1.60±0.03 


83.03±5.16 


32.48±0.89* 


10.0 



Values are expressed as mean ± standard error of mean. *Values significantly (P<0.{)5) different from normal weight. "Values within the same BMl distribution, but significantly (P<0.05) different among gender. 
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diet rich in fibre and non-starchy foods have been recommended as 
preventive factors against overweight and obesity in the middle age 
population. 

The association of body mass index (BMl), body weight and waist 
circumference is reported in this study. There is significant (P<0.01) 
association between BMl, body weight and waist circumference (Table 
3), however, this is not the case with BMl and height. The connection 
of BMl with body weight (r=0.76) is more positive than that of waist 
circumference (r=0.63). Despite this, there is still relatively high asso- 
ciation between BMl and waist circumference across both gender 
(Table 3). This report is supported by the report of Vazquez and oth- 
ers.-^' The significant increases observed in the mean waist circumfer- 
ence of overweight and obesity BMl distribution further established the 
relationship of BMl and waist circumference (Table 2; Figure 3) with 
increase in weight. Ford and others support the use of waist circumfer- 
ence as a measurement of overweight and obesity in other to predict 
health risk in human subjects.^* It was argued that waist circumference 
has been shown to be a good or better predictor of metabolic syndrome 
than BMl.^'^ The high prevalence of obesity observed in this study, is 
considerably lower than the reported value from United States of 
America, but comparable to United kingdom, Germany and Australia.^^ 
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Figure 3. The waist circumference measurement in different BMl 
distribution categories. Mean value ± standard error. *Values signif- 
icantly (P<0.05) different from normal weight. aValues within the 
same BMl distribution, but significandy (P<0.05) different among 
gender. UWM = underweight males, UWF = underweight females, 
NWM = normal weight males, NWF = normal weight females, 
OWM = overweight males, OWF = overweight females, OM = 
obese males, OF represent = obese females. 



Table 2. BMl and waist circumference value for early, middle and advanced adulthood. 



Age group 


Body weight category 


Sex 


Mean BMl (kg/m^) 


Mean waist circumference (cm) 


Early adulthood (20-39 years) 


Underweight 


M 


18.03±0.28* 


78.74±0.58 






F 


17.15±0.25* 


76.10±0.53 




Normal weight 


M 


22.86±0.43 


76.20±0.58 






F 


21.48±0.14 


78.92±0.26 




Overweight 


M 


26.75±0.43* 


88.47±1.22* 






F 


26.48±0.16* 


91.08±0.45* 




Obese 


M 


39.63±0.85*^ 


102.44±1.45* 






F 


34.34±0.54*^ 


100.03±2.69* 


Middle adulthood (40-59 years) 


Underweight 


M 


15.39±0.62* 


79.76±0.40 






F 


15.50±0.20* 


81.28±1.15 




Normal weight 


M 


21.93±0.37 


83.34±0.90 






F 


21.92±0.29 


81.15±0.46 




Overweight 


M 


26.99±0.26* 


98.15±1.03* 






F 


26.94±0.32* 


90.86±0.70* 




Obese 


M 


31.53±0.22« 


96.52±0.10* 






F 


34.51±0.80« 


102.34±0.75* 


Advanced (late) adulthood (GO-f years) 


Underweight 


M 


16.60±0.38* 


79.58±0.88 






F 


17.58±0.46* 


81.28±2.01 




Normal weight 


M 


21.78±0.96 


82.98±0.88 




F 


21.79±0.29 


81.36±0.73 




Overweight 


M 


27.03±0.84* 


92.28±0.58* 






F 


25.83±0.27* 


94.49±0.62* 




Obese 


M 


32.34±0.63* 


104.98±2.40* 






F 


32.48±0.89* 


98.63±0.44* 



Values are expressed as mean ± standard error of mean. *Values significantly (P<0.05) different from normal weight. ^Values within the same BMl distribution, but significantly {P<0.05) different among gender. 



Table 3. Correlation table for BMl, waist circumference, weight and height. 







Waist circumference (in) 


Height (m) 


BMl (kg/m2) 


Body weight (kg) 1 


Male 


BMl (kg/m2) 


0.55* 


-0.35* 


1.00 


0.77* 




Body weight (kg) 


0.42* 


0.17 


0.77 


1.00 


Female 


BMl (kg/m2) 


0.75* 


-0.17 


1.00 


0.85* 




Body weight (kg) 


0.67* 


0.22* 


0.85* 


1.00 


Total 


BMl (kg/m2) 


0.63* 


-0.31* 


1.00 


0.76* 




Body weight (kg) 


0.62* 


0.23* 


0.76* 


1.00 



*Pearson correlation is significant at the 0.01 level (2-tailed). 
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It has been reported that body adiposity index (BAI) is also a good 
measure of body adiposity in Caucasian population?" However, it does 
not overcome the reported limitations of BMI.^' Waist circumference is 
a simple measure of abdominal fat and it appears to be a good indica- 
tor of adiposity.'''^^ This study indicates that it is an effective indicator 
of overweight and obesity but not underweight. BMI on the other hand 
does not discriminate between fat mass and fat-free mass but can be 
used to identity body weight abnormalities including underweight. 



Conclusions 

In conclusion, the present study demonstrates strong associations 
between BMI, weight and waist circumference in perceived healthy 
subjects. Since the waist circumference has been reported as a viable 
predictor of major metabolic disorder, it is important to assess weight 
not only on general adiposity but also on abdominal fat, which is high- 
ly associated with elevation of health risk. It is also important to sensi- 
tise the people in the community on regular weight assessment using 
BMI and waist circumference parameters. More studies are needed to 
investigate other body adiposity indices for different age categories in 
African populations. This will help to establish practical methods for 
body weight assessment suitable for prediction of morbidity and mor- 
tality for both clinical and research purposes. 
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